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1. INTRODUCTION 
The purpose of this paper is to study the oscillatory behavior of solutions of the second-order 
quasilinear ordinary differential equation with impulses 
r(t) Ix’(t)l a-1 x’(t))’ + f@, x(t)) = 0, t>to, t#t&, k=1,2 1.“) 
x (tl> = Qk Wk)) 1 2’ (t;) = hk (Z’@k)) , k=l,2,..., 
x (t,+) =x0, 2’ (t,+) = x’(to>, 
whereOIi;o<tl,...,LtkI...,limk~+ootk=+oo, 
(1) 
(2) 
(3) 
x’(tk) = hho z(tk + h) - Z(tk) 
+ h ’ 
x’ (t;) = ,l$n, x(tk + h) - x(tk) 
h ’ 
Here, we always assume that the following conditions hold. 
(iii) 
a > 0 is a constant and r(t) : [to, +CQ) --+ (0, co) is a continuous function. 
f(t,x) is continuous in [to, +co) x (-co, +oo), xf(t,x) > 0 (x # 0), and f(t, x)/1+(~)l~-~ 
4(x) 2 p(t) (x # O), where p(t) is continuous in [to, +co), p(t) L 0, and x$(x) > 0 (z # 0), 
4’(x) 1 0. 
gk(x), hk(x) are continuous in (--00, +oo), and there exist positive numbers Uk, a;, bk, b; 
such that 
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By a solution of (l)-(3), we mean a function x : [to, to + a] ----) R, to 2 0, a > 0 which is 
satisfied 
‘(a) x(Q) = x0, x’(to+) = xb; 
(b) z(t) satisfies (r(t)lx’(t)l*-‘x’(t))’ + f(t,x(t)) = 0, when t E [to, tc + a], t # tk; 
(C) X(t;) = gk(+k))r X’(tk+) = hk(z’(tk)), ad f or any such tk, we always assume that both 
x(t) and x’(t) are left continuous. 
As usual, a solution of (l)-(3) is said to be nonoscillatory if this solution is eventually positive 
or eventually negative. Otherwise, this solution is said to be oscillatory. 
The impulsive differential equations are an adequate mathematical apparatus for simulation 
of process and phenomena observed in control theory, physics, chemistry, population dynamics, 
biotechnologies, industrial robotics, economics, etc. Due to this reason, in recent years, they have 
been an object of active research [l-5]. In the monographs (1,2,6-g], a number of properties of 
their solutions are studied and an extensive bibliography is given. 
We shall note that in spite of the‘great number of investigations of the impulsive differential 
equations, their oscillation theory has not yet been elaborated on unlike the oscillation theory of 
the differential equations [!J-131. Equation (1) has been the object of intensive studies in recent 
years because it can be considered as a natural generalization of the important equation 
2” + f@, x) = 0, (4) 
on the one hand, and it becomes in some cases, a one-dimensional version (polar form) of impor- 
tant partial differential equations of the form 
div ( ]]DuI~-~Du) + f(t, u) = 0, 
on the other. 
Our aim here is to develop oscillation theory for such a general case of (l)-(3). This paper was 
motivated by the paper of Chen and Feng [3] in which a detailed analysis of oscillation properties 
was given for equation (4) with (2) and (3). In the present paper, we will follow closely the 
presentation of Chen and Feng and show that all of their results can be generalized and improved 
to (l)-(3). 
2. SOME LEMMAS 
LEMMA 1. Let x(t) be a solution of (l)-(3). Suppose that there exist some T 2 to such that 
x(t) > 0 for t 2 T. If Conditions (i)-(iii) are satisfied, and 
6) 
J t1 R(t) dt + 3 ta bfb; t3 to J a1 t1 R(t) dt + - J alaa t$a R(t) dt + . . . 
+ 
bib’i . . . b,: 
ala2 . . . an J tn+’ R(t)dt +... = +oo t, 
holds, where R(t) = (l/r(s)] l’cr, then x’(q) 1 0 and x’(t) 2 0 fort E (tk, &+I], where tk 2 T. 
PROOF. At first, we prove that z’(tk) 1 0 for any tk 2 T. If it is not true, then there exists 
some j such that tj 2 T and x’(tj) < 0 and 
X’ (t,‘) = hj (x’ (tj)) 5 0. 
Let x’(tf) = -i? (/3 > 0). By (l), for t E (tj+i-1, tj+i], i = 1,2,. . . , we have 
(r(t) Ix’(t)l”-‘xt(t))’ = -f(t,x(t)) I -p(t)l~(x(t>)l*-l~(x(t)> I 0. (5) 
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Hence, r(t)lx’(t)lQ-‘x’(t) is monotonically nonincreasing in (tj+i- 1, tj+i]. So, 
r(Q) 1’a 
X’(tj+2) I - - [ 1 r (tj+2) bT+,P < 0, 
r(tj) 1'a 
X’(tj+3) I - - [ 1 r (tj+3) b;+2b;+I/3 < 0. 
It is easy to show’that, for any natural number n 2 2, 
r(G) [ 1 
l/a x’ (tj+n) I - - 
r ($+A 
b;+n-lb;+n-2 ‘. . b;+,P < o. 
We claim that, for any natural number n 1 2, 
x Ctj+n) I aj+n-laj+n-2 ’ ’ ’ Uj+l 
b;+,+lb;+n-2.. . b;,, -... - 
aj+n-laj+n-2 . . . aj+l 
Since r(t)lx’(t)la-‘x’(t) is monotonically nonincreasing in (tj, tj+l], and x’(tT) < 0, then 
r(tj) 1’a 
x’(t) I - [ I r(t) 2’ (tj’) , t E (tj, tj+l) . 
Integrating the above inequality, we have 
x(t) 5 S(S) + x1 (tj+> 1’ [z] 1’a dt, for tj < s < t 5 tj+l. 
Let t * tj+l, S -+ tf. We get 
x (tj+l) 5 x (tf) + x’ (t;) 1’1” [z] 1’a dt, 
x (tj+l> 5 x <tT> - 81: i’ f$$] lia dt. 
3 
Similarly to (9), we have 
x (tj+z) 5 x (t;+l) + x’ (tj+,l) l;r2 [w] 1/o dt. 
(6) 
(7) 
(9) 
(10) 
(11) 
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BY Condition (iii) and (6), (lo), (ll), we have 
X (tj+d < X (tj++l) + 5’ (t;+l) AJAX’ [w] 1’cx dt. 
= %+I (X @;+I)) + hj+l (i’ (tj+l)) 6:’ [ w].“a dt 
5 q+1a: @j+1) + bj++ls’.(tj+l) 6:’ [!%&]1’a & 
C~j+l{x(t:)-~~~+l[~]l’~dt} 
-b;+l [-$&]““/jf; [%#]1’a & 
=“+l{x(t:)-61j:lf1[~]liodt 
-$ [&]““/jf:. [rh$]1’a &} 
=~j+‘{X(t~)-I?I”‘[~]“~dt-~~~~~[~]”~dl), 
Then (8) holds for n = 2. NOW we suppose that (8) holds for n = N, 
x ($Cn) 5 aj+N-laj+N-2 . . ‘aj+I 
x X (t;) - p f+’ [ $1 1’a & - t&/j /;I:’ [z] ‘la & 
{ (12) 
b;+N:1b;+N-2. . . b”r -...- 
aj+N-laj+iv-2 . * 3 aj+l 
3+1 81111 [$$I 1’a dt} . 
W@ now Prove that (8) holds for n = N + 1. Since r(t)lx’(t)l*-lx’(t) is nonincreasing in 
ctj+N, tj+N+l]t we have 
x’(t) 5 2’ (tz+N) [w] 1’a > foi t E (tj+N,tj+N+l] . 
InteSating the above formula, by Condition (iii) and (7),(12), we obtain 
x (tj+N+l) I 2 tt (f+N) +x’(t:,,)~g~-++l [$$+]l’a dt 
5 aj+Nx (tj+n> •i- bj*+NX’(tj+N) [:“+’ [r@$‘]l’a & 
I aj+Naj+N-laj+N-2.. ’ aj+l {x(t;) -fi~;+l [%I’* & 
- $/‘j 1,;::’ [ #] ‘la ,& - . 
3 
b;+N-lbj+N-2.. . b;+l - 
aj+N-laj+N-2 . * * cZj+l 
I-?~,;~, [$$]lia dt} 
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- b;+Nb;+Ne..l ‘. .b;,,Bi,;;+’ [+lLia dt 
= aj+Naj+iv-laj+N-2c. . . aj+l 
1 
x <q> 
-ply" [I@]+ &- !&pl;;2 [g]l" & 
3 
b;+N-lb;+N-2.. . b;+l - .*. _ 
aj+N-laj+N-2 . ’ . aj+l 
q-l [ $1 1/o: CJt 
b;+,b;+,-, *. b;,, 
-aj+Naj+~-laj+~-2 ‘. . 
[Tw]l’a &}, 
Hence, inequality (8) holds for n = N + 1. By induction, (8) holds for any natural number n > 2. 
Since x(t) > 0 (t 1 T), (8). is contrary to Condition (iv). Therefore, x’(tk) 2 0 (t 2 T). By 
Condition (iii), we know, for any tk > T, s’(tl) 2 bix’(tk) 2 0. Because r(t)lx’(t)la-‘x’(t) is 
nonincreasing in (itk, &+I], We know, from t E (i!k, &+I], 
r(t) Ix’(t)y x’(t) 1 r(tk+l)lx’(tk+l)l*-lx’(tk+l) 10; 
i.e., x’(t) 1 0. The proof of Lemma 1 is complete. 
LEMMA 2. Let x(t) be a solution of (l)-(3). Suppose that there exist some T 2 to such that 
x(t) < 0 fort > T. If Conditions (i)-(iv) of Lemma 1 are satisfied, then x’(tl) 5 0 and x’(t) 5 0 
fort E (tk, tk+l], where tk 2 T. 
The proof of Lemma 2 is similar to that, of Lemma 1 and may be omitted. Next we give a 
well-known inequality which is due to Hardy, Lillewood and Polya [14]. 
LEMMA 3. If X and Y are nonnegative, then 
xq + (q - 1)YQ - qxyq-’ 10, q > 1. 
3. MAIN RESULTS 
THEOREM 1. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exist a positive 
integer ko, a nonnegative constant c, and a nonnegative continuous function g(t), t E (to, 03) 
such that a; 2 1 for k 2 ko and 
4’(x) 2 c L 0, (13) 
I 
t1 
to 
P(t) dt + $ 
I 
t2 
1 t1 
‘@I & + (bli2)a t2 p(t) & 
I 
t3 
I 
ha+1 
+. . . + (blb2 .:. b,)a t, 
(14) 
P(t) dt + . . ’ = +=s 
where 
p(t) = {&) _ cr(q [g(t)]‘“+l’l”} p+l) J*bwl”” cl.9 
(15) 
Then every solution of (l)--(3) is oscillatory. 
PROOF. Without loss of generality, we can assume ko = 1. If (l)-(3) have a nonoscillatory 
solution x(t), we might as well assume x(t) > 0 (t > to). From Lemma 1, we can see x’(t) 2 0 
for t E (tk, tk+l], where k = 1,2,. . . . 
Let 
qt) = r(t) Ix’(w-’ x’(t) 
If#4wP1~(~w)~ 
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Then u(tk+) 1 0 (k = 1,2,. . 
t#tk, 
.), u(t) 2 0 (t 2 to). Using Condition (ii), by (l), we get, when 
u’(t) ‘Z ‘- f (t7 a> l/a 
Id(wl9wt)) - [u(t)](=+1)‘Qoq5’(x(t)) -& [ 1 I -p(t) - [U(t)](“+l)‘acK -& [ 1 l/a (16) 
Taking 
a+1 
9=- a! ’ 
according to Lemma 3, we obtain 
Hence, (16) implies 
u’(t) L: -p(t) + car(t) 
= - 
1 
p(t) - cr(t)[g(t)](a+l)‘a 
> 
- c(a! + l)[g(t)]‘k(i); 
i.e., 
[ 
u(t)e 
c(a+l) J’, [g(s)]‘/” ds ’ 1 { 5 - p(t) - m(t)[g(t)](Q+l)la ecca+l) Jt~[s(a)ll’” ds = P(t). > (17) 
Condition (iii) and a; 2 1, #(xc) > c > 0 yield 
u (tk+) = 
T (tk+) lx’ (tl) la-lx’ (tk+) 
l4 cx ct-+)> la-I$ cx (p)) 5 *z” @k) 7 
Integrating (17) from s to 91, we have 
k = 1, 2,. *. . (18) 
44 I u(s)e 
da+11 J.; M41”” I& s1 - Jr p(t) - eP.(t)[g(t)]'"+l'l"] ec(a+l) s:, ~(w"ds &,(19) .9 
where to < s < s1 < tl. Let s + to+ and s1 -+ tl. By (18) and (19), we get 
u (tr) 5 b$ (to+) e c(a+l) s,:o[g(#‘” da t1 
- b? J{ p(t) - m(t)(g(t)](a+‘)/Q ec(p+l)J;tl[g(s)ll’a ds & to > 
Similarly, the following inequality holds: 
(20) 
u (tl) 5 bgu (tr) e da+11 s,‘,l Ms)l”” ds _ ba ” 
2 SC p(t) -m(t)[g(t)]b+l)/a t1 > $*+') s,: (s(a)11'" ds &5 (hbz)"u (to+) e c(a+l) St”,” [g(s)]“” ds 
- (blb2)0 6' {p(t) _ &(t)[g(t)]'"+"/"} eC(P+l)~~[g(a)ll'odsdt 
(21) +-a 
- b; SC p(t) - ,-J-(t)[g(t)](Q+l)/a ec(u+l) s,tlig(s)l”” ds dt, t1 > 
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By induction, for any natural number n, we have 
‘1L (f+) 2 (blb2 . . . b,p (to+) p+l) l:~g(s)ll’nds 
t1 - (blb2 . . . b,)Q 
Jc to 
p(q - w(t)[g(q]‘“““l”) gCa+l) St”, [mll’” ds dt 
- (b2b3 . . . b,J” &t) _ rr(t)[g(t)]‘“+“/“) ec(a+l).ft: [g(s)1”” ds & 
-...- (bn-lbn)a 1”:’ {p(t) - +)[g(t)](“+l)/a} $a+l)~:[g(s)ll’ods dt 
n 2 
- b,a &) _ cr(t)[g(t)](a+l)/a 
> 
ec(a+1)~:1g(8)1”a ds & 
(22) 
= (blbp . . . b,)aecb+l) LWs)l”” ds 
i J 
t1 x u (t,+) - to P(t) dt - $ J 
t2 ts 
1 t1 
P(t>dt - (bl;2ja t2 p(t) dt J -...- 
Equation (14), (22), and u(t;) L 0 (k = 1,2,. . . ) lead to a contradiction. Hence, every solution 
of (l)-(3) is oscillatory. The proof of Theorem 1 is complete. 
THEOREM 2. Assume that Conditions (i)--(iv) of Lemma 1 hold, and there exist a nonnegative 
constant c and a nonnegative continuous function g(t), t E [to,oo) such that $(ab) 1 4(a)@) 
for any ab > 0, and (13), 
J %(t)dt+ [y]‘lrP(t)dt+ [~(‘~~~(“)]~~~P(t)dt to 
4(a;)d(ai)“.$(a:) a 
blbz . . . b, IS tm+1P(t)dt+,.,=+03 L 
(23) 
hold, where P(t) is defined as in (1.5). Then every solution of (l)-(3) is oscillatory. 
PROOF. If (l)-(3) h as a nonoscillatory x(t), without loss of generality, we can assume that 
x(t) > 0 (t 2 to). By Lemma 1, x’(t) 2 0 (t 1 to). 
Let 
Then u(tz) 2 0 (/c = 1,2 , . . . ), u(t) 2 0 (t 1 to). Relation (1) yields (17). It is easy to see that 
u (tl) = 
r (tj!) Ix’ (tl) 1-l 5’ (tjg 
14 (x K>) la-l 9 (x 63) 
I T- (tk) lb’ (h~)i~-~ bkx’ (tk) 
14 (a$ (tk))l”-’ d (a;x (tk)) 
?- (tk) Ibkx’ (tk)l”-’ bkx’ (tk) 
’ I~(~~)~(x(tk)>l*-l~(a;)~(x(tk)) 
(24) 
= --& O1u(tk); k= I,&.*.. [ 1 
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Similarly to the proof (22) of Theorem 1, by induction, we get, for any natural number n, 
(25) 
Relation (23), (25), and u(t;) ‘2 0 (b 7 1,2,. . . ) lead to a contradiction. Hence, every solution 
of (l)-(3) is oscillatory. The proof of Theorem 2 is complete. 
In the following, J:Ew $$ < +oo denotes 
J +O” du s -co du E qqc+cc) and --E 4(u)-m. 
THEOREM 3. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exists a positive 
integer ice such that a; 2 1 for k 2 ko. If 
(26) 
holds for some E > 0, and 
then every solution of (l)-(3) is oscillatory 
PROOF. Without loss of generality, let ko = 1. If (l)-(3) h as a ndnoscillatory solution z(t), 
assume z(t) > 0 (t 1 to). Lemma 1 shows that z’(t$) 2 0 (k = 1,2,. . .), z’(t) 2 0 (t 2 to). 
Since a; > 1 (k = 1,2,. . .), we have 
5 (to+) I s(t1) I 5 - (t;-) < z(t2) 5 2 (tz’) 5 . . . . (28) 
It is easy to see that z(t) is monotonically nondecreasing in [to, +oo). Relation (1) yields 
r(t) Iz’(t)l a-1 z’(t))’ = -f(t,x(t)) 5 -P(t)l~(z(t))l”-‘~(~(t))l t#tk. (29) 
Hence, 
Similarly, 
r(to) [z’ (to+)la 2 St1 p(tM*(z(t)) dt + r(tl) b’(t4” 
to 
s 
t1 
2 pW*W) dt + 
to 
$$ [cd (Q)] Q . 
r(h) [z’ (t;‘)] Q 2 1” ~(W%(t)) dt + 
t1 
g$ [z’ (t$)y-. 
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Generally, for any natural number n, we have 
r(tn) [x’ (tn+)]u 2 6^+* P(+#J%(t)) dt + y [x’ (C+1)]” 
By (29) and (30), noting xc($) 2 0 (k = 1,2,. . .), we get, for s E (tk, &+I], 
(30) 
s tk+l T(S) [x’(# 1 t-W#fWt)) dt + s 
J tkfl 
tk+2 
2 s 
p(W‘%(t)) dt + &- 
s k+l tk+l 
xW*(x@>) dt + ba ba. :y2 ix’ (t:+.-t2)lcx 
>... 
s 
tk+l 
2 
* 
dWWt)) dt + $-- 
s 
tktl 
p(W”W) dt 
1 
k+l tk+l 
tk+n 
T (tk+n+d 
+ &+&+2 . *. e+n+1 
Lx’ (t~+n+Ir~ 
Noting that bi > 0 (i = 1,2,. -) Ad x’(tf) 2 0 (i = 1,2,. . . ), by the above inequality, we have 
f(S) J tk+l pW*W) dt + j+- J 
tk+Z 
Pwfwt>) 
9 k+l tk+l 
1 
s 
tk+n+l 
+ b;+lbii+2 ’ ’ ’ bRn 
dW*W>) dt. 
tk+n 
dt 
(31) 
Since (31) holds for any natural number n, we obtain 
x’(s) L [ -&] 1’a { 6’“” p(t)P(x(t)> dt + & 1:::’ p(t)@?(t)> dt 
1 
J 
tk+n+l 
l/a 
+4+,Q+z * ’ * b;+n 
p(t)qP(z(t)) dt + . . . 
tk+n 
Noting that ZC$(X) > 0 (z # 0) and 4( z is nondecreasing, by (32), for s E (tk, &+I], we have ) 
tk+l 1 tk+2 
p@)dt + igy tk+l pwdt J 
l/a 
1 
s 
tk+n+l 
+ b;+&+‘,,, . . ., Q+,, 
p(t) dt + . . . 
h+n 
Integrating the above inequality from tl, to tk+l, we have 
1 tk+n+l 
l/a 
+ “’ + b” ba p(t) dt + . . . ds (33) 
k+l k+2” 
.b” J k-,-n tk+rr 
5 - 
J 
tk+l z'(s) ds = 
tk d(x(s)) * 
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Since (28) holds, (33) yields 
(34) 
Inequalities (26), (27), and (34) lead to a contradiction. That is, every solution of (l)-(3) is 
oscillatory. The proof of Theorem 3 is complete. 
THEOREM 4. Assume that Conditions (i)-[iv) of Lemma 1 hold, and there exists a positive 
integer Ice such that a; > 1 for k 2 IGJ. Suppose that 4(ab) 2 d(a)4(b) for any ab > 0 and 
J ** du fe Gi <+Oo7 for some e > 0, (35) 
Then every solution of (l)-(3) is osciJJatory. 
PROOF. If (l)-(3) h as a nonoscillatory solution x(t), without loss of generality, we assume that 
x(t) > 0 (t > to) and Ice = 1. According to the proof of Theorem 3, (28) and (32) hold. Moreover, 
Condition (ii) and Lemma 1 show that 4(x) is nondecreasing and x(t) is also nondecreasing in 
(tk, tk+l] (k = 1,2,. . .). Therefore, 4(x(t)) is nondecreasing in (tk, &+I]. Hence, 
$ (x (tl)) 2 f$ &+1x (tk+l)) 2 4 (4+1) 4(x (tk+l)) 
Noting that 4(x(t)) is nondecreasing in (tk+l, &+a], by the above inequality, we have 
By induction, it can be proved that, for any natural number n, 
4 (x (G+n)> 2 4 (4+1) 4 (4+2> . . .4 &+n> 4 (x (hc+d) . 
Jhm (3% (37), and the fact that +(x(t)) is nondecreasing, we know, for s E (tk, tk+l], 
x’(s) 2 [ &] 1’a {I’*” p@>#Wt)) dt + & 11::’ r’W”W)) dt 
(37) 
l/a 
p(t)#*(x(t)) dt + . . . 
J 
tk+l p(t) & + $a cx @+d 
* b” J tk+2 p(t) & k+l t*+1 
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+ 4” &+I) $* &+2) ’ ’ ’ 9”  (‘;+n) 4”  cx @k+d) tk+n+l @) & + . . . 1’a 
bT+,&++, . . . biZ+, J tts+n 
Hence, 
tk+l 
pwdt+ 
~v;+lMJQ (2 (tk+d) 
b;+d44) J h+1 
+ 4”  @;+I) 6”  @;2+,) ’ ‘. d” (‘;+,) 4” (’ ctk+d) 1’a 
Since (28) holds, the above inequality yields 
(38) 
Ftelations (35), (36), and (38) lead to a contradiction. That is, every solution of (l)-(3) is 
oscillatory. The proof of Theorem 4 is complete. 
From Theorem 1, we can easily obtain the following corollaries. 
COROLLARY 1. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exist a positive 
integer kc, a nonnegative constant c, and a nonnegative continuous function g(t), t E (to, cm) 
such that a; 2 1, bk 5 1 for k 2 kc. If (13) and S+“P(t) dt .= +cc hold, where P(t) = 
{p(t) - ~(t)[g(t)](a+l)/a:}ec(“f’)~*[g(b)ll’~ ds. Then every solution of (I)-(3) is oscillatory. 
COROLLARY 1’. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exist a positive 
integer ko, a nonnegative constant c, a positive constant /I, and a nonnegative continuous function 
g(t), t E (to,oo) such that 
aill, [;I”< [?I’, fork>ko. (39) 
If(13)andS +O” t@(t) dt = i-co hold, where P(t) = {p(t)-cr(t)[g(t)](n+l)l”}ec(a+l) St[g(s)l”” ds. 
Then every solution of (l)-(3) is oscillatory. 
From Theorems 2-4, we also have the following Corollaries 2, 3 and 3’, 4, respectively. 
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COROLLARY 2. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exist a nonnegative 
constant c, a positive integer ko, a positive constant p, and a nonnegative continuous function 
g(t), t E [to, 00) such that r$(ab) 2 4(a)@) for any ab > 0, and 
[y-j=, [?I,. fork>kO. 
If (13) and j- +O” @P(t)dt = +CXJ hold, where P(t) is defined z& in (15), then every solution 
of (l)-(3) is oscillatory. 
COROLLARY 3. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exists a positive 
integer ko such that a; 2 1, bk 5 1 for k 1 ko. If sz,” -& < +oo for some E > 0, and 
lo+m [&]l’a~+mip(t)j”“dtda = +m, 
then every solution of (1) is oscillatory 
COROLLARY 3’. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exist a positive 
integer ko and a positive constant p such that 
a; 2 1, for k 1 k,,. 
If SF & < +-co, for some E > 0, and 
f?‘lr+l [-&j”” d$+;taIp(t)]““dt = +a~, 
then every solution of (l)-(3) is oscillatory. 
COROLLARY 4. Assume that Conditions (i)-(iv) of Lemma 1 hold, and there exist a positive 
integer ko and a positive constant p such that 
aiLl, - +3 _< tf+,, 
h 
for k L ko. 
Suppose that q5(ab) 1 q5(a)qS(b) for ab > 0 and Si,” & < +W for some & > 0. If 
then every solution of (l)-(3) is oscillatory. 
4. EXAMPLES 
REMARK 1. In the case when r(t) 3 1, cy = 1, and #(z) 2 0, our results in the present paper 
reduce to the results of Chen and Feng [3]. 
REMARK 2. In the case 4’(z) > 0, even when r(t) = 1 and LY = 1, the conditions of Theorems 1 
and 2 in this paper are more general than those in [3]. See Example 1. 
EXAMPLE 1. Consider 
1 
x” f -x = 0, 
t2 
k+l 
t # k, k= 1,2,..., 
x (k’) = -z(k), x’ (k+) = z’(k), k = 1,2,. . . , 
1 1 
x 0 5 =xoT 2’ 0 5 =x;. 
(40) 
It is not difficult to see that Conditions (i)-( iv are satisfied. Taking g(t) = l/2& by Theorem 1, ) 
we know that every solution of (40) is oscillatory. But Theorem 1 in [3] fails to apply to (40). 
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